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Kearns-Sayre syndrome is clinically defined by progressive 
external ophthalmoplegia, atypical retinitis pigmentosa and 
the potential occurrence of complete atrioventricular (A V) 
block. Right septal endomyocardial biopsy specimens from 
nine patients (four men and five women with a mean 
[:!::SEM] age of 36.3 :!:: 14.4 years) with chronic progressive 
external ophthalmoplegia and mitochondrial skeletal my-
opathy were studied. Three patients had atypical retinal 
pigmentation. An atrioventricular or intraventricular con-
duction defect was observed in five patients. A pacemaker 
was prophylactically implanted in one patient because of 
abnormal conduction distal to the His bundle. 
Ultrastructural investigations revealed mitochondriosis 
in many heart muscle cells and an increased variability of 
mitochondrial form and size in all patients. In seven 
patients, 0.4 to 2.1 % of all examined myocytes contained 
Progressive external ophthalmoplegia can be associated with 
various clinical symptoms and a variety of neuromuscular 
disorders (1-3). Cardiac involvement and the occurrence of 
heart block were observed by Sandifer (4) in 1942. In 1958 
Kearns and Sayre (5) described in two patients the clinical 
triad that now bears their names: progressive external oph-
thalmoplegia, atypical retinal pigmentation and complete 
atrioventricular (A V) block. 
Kearns-Sayre syndrome is a rare disease. Fewer than too 
cases have been reported (2,6). Incomplete forms and com-
binations with various other symptoms have been described, 
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exclusively abnormal mitochondria. Three main types were 
observed: huge, mainly round mitochondria with concen-
tric cristae; large, round or oval mitochondria with trans-
verse or curved cristae; and small, vacuolated mitochon-
dria. The volume density of myofibrils was reduced (41.9 :!:: 
11.1 compared with the normal value of 56.5 :!:: 2.5 volume 
density [in percent], p < 0.01) in these myocytes. Increas-
ing numbers of vacuolated mitochondria correlated signif-
icantly with a reduction of myofibrils (r = -0.64, p < 
0.01). 
The data suggest that the ventricular myocardium of 
most patients with complete and even incomplete Kearns-
Sayre syndrome is affected by disseminated mitochondrial 
cytopathy. 
(J Am Coil CardioI1988;12:1522-8) 
including weakness of facial, pharyngeal and peripheral 
muscles, increased cerebrospinal fluid proteins, cerebellar 
ataxia, lactic acidosis, short stature and deafness (1,2,6-8). 
Skeletal muscles are typically affected by a disseminated 
mitochondriopathy with so-called ragged-red fibers that con-
tain mitochondria of abnormal structure (3). Kearns-Sayre 
syndrome is now considered a distinct, sporadic form of 
mitochondrial myopathy (2,6). Only a few hereditary cases 
have been described (9). The pathogenesis and the biochem-
ical defect are unknown; therefore, the diagnosis of mito-
chondrial cytopathy is mainly based on morphologic find-
ings. 
It is controversial whether or to what extent the myocar-
dium is involved in the process of mitochondrial cytopathy. 
In this report, we describe qualitative and quantitative 
morphologic findings based on right septal endomyocardial 
biopsy in nine consecutively studied patients with complete 
and incomplete Kearns-Sayre syndrome. These data indi-
cated that mitochondrial cardiomyopathy was the underlying 
disorder in all nine. 
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Table 1. Clinical Symptoms in Nine Patients with Kearns-Sayre 
Syndrome 
Patient 
2 4 5 6 7 8 
Age at onset (yr) 9 30 19 16 14 18 40 6 
Ptosis + + + + + + + + 
CPEO + + + + + + + + 
Retinal pigmentation + + 
Prox. myopathy + + + + + + + 
Defective vision + + 
Cerebellar ataxia + + + 
Deafness + 
Short stature + 
LAHB + RBBB + 
Incomplete RBBB + + + 
9 
9 
+ 
+ 
+ 
+ 
+ 
CPEO = chronic progressive external ophthalmoplegia; prox. myopathy 
= accentuated proximal weakness of the skeletal muscle; LAHB = left 
anterior hemiblock; RBBB = right bundle branch block; + = present. 
Methods 
Study patients. Nine patients (five women and four men 
with a mean [±SEM] age of 36.3 ± 14.4 (range 16 to 62) 
years were studied from 1981 through 1987. The clinical 
features are presented in Table 1. Skeletal muscle biopsy, 
performed on either the deltoid or quadriceps muscle in all 
patients, disclosed ragged-red fibers with use of the modified 
Gomori trichrome stain (3). Electron microscopy revealed 
structural abnormalities of mitochondria with paracrystalline 
inclusions and abnormal cristae mitochondriales, supporting 
the diagnosis of a mitochondrial myopathy (2,3,6). Cardio-
logic investigations were performed to exclude A Y conduc-
tion defects and to look for involvement of the myocardium. 
All patients underwent complete cardiologic investiga-
tion including right heart catheterization and intracardiac 
electrophysiologic study, according to a previously de-
scribed protocol (8). Coronary angiography, performed in 
patients 7 and 8, revealed normal coronary arteries in both. 
All patients had given informed written consent. 
Biopsy specimens. At least two endomyocardial biopsy 
specimens (maximum five, mean three per patient) were 
obtained from the right ventricular septum and immediately 
fixed by immersion in 2.5% cacodylate-buffered glutaralde-
hyde. The specimens were halved. One half was processed 
for light microscopy by embedding in paraffin and 4 to 6 JLm 
thick sections were stained with hematoxylin-eosin and 
elastic van Gieson. The other half was postfixed in 1% 
osmium tetroxide (OS04) solution, dehydrated in a graded 
ethanol series and embedded in Epon. Ultrathin sections 
were contrasted with uranyl acetate and lead citrate. The 
specimens were examined with a Zeiss electron microscopy 
EM 109 at 50 kY. 
Morphometry. All available biopsy specimens were eval-
uated; 100 randomly selected, longitudinally sectioned, he-
matoxylin-eosin-stained cardiomyocytes per patient were 
measured across the nucleus by light microscopy at a 
magnification of XI ,250. A square lattice with a fixed dis-
tance between the lines was used to determine the content of 
interstitium and fibrous tissue in the van Gieson-stained 
sections (x 1,250) by counting cross points according to well 
established morphometric rules (10). Seventy-five fields per 
patient were randomly evaluated; red stained tissue was 
interpreted as collagen. 
Each biopsy specimen was examined by electron micros-
copy. All available fibers were counted and classified. Heart 
muscle cells containing mitochondria with parallel or con-
centric cristae or being vacuolated were regarded as patho-
logic (Fig. O. They were photographed and their number 
was given as a percent of the total number of observed heart 
muscle cells. Ten randomly chosen electron micrographs of 
structurally normal myofibers from different biopsy speci-
mens were evaluated per patient at a magnification of 
x 13,400. The fractional volumes of myofibrils, mitochondria 
and sarcoplasm were determined by counting cross points 
with a superimposed grid excluding the nucleus. Mean 
mitochondrial diameter was determined from 300 normal 
mitochondria from every patient. Micrographs of all myo-
cytes with abnormal mitochondria were evaluated by the 
same procedure. All abnormal mitochondrial profiles were 
counted and their mean diameter was evaluated from their 
area; they were classified according to the arrangement of 
their cristae (n = 1,768) (Fig. O. Morphometric analysis was 
carried out with use of an interactive image analyzing system 
(IBAS I; Kontron). 
Statistical analysis was performed with use of Student's t 
test for unpaired data at p < 0.05 comparing the mean of 
each variable for normal and abnormal myocytes. 
Results 
Clinical presentation (Table 1). Family history was unre-
markable for neuromuscular diseases in all patients. The 
onset of the disease was marked by a ptosis at a mean age of 
17.6 years (range 9 to 40). None of the patients had had 
syncope or clinical signs of cardiac insufficiency. 
The routine electrocardiogram (ECG) showed an intra-
ventricular conduction defect in five patients. Exercise ECG 
disclosed ST segment depression only in Patient 7, who had 
normal coronary arteries. His bundle electrography showed 
a normal atrionodal conduction time (AH interval) in all 
nine patients (79.4 ± 16.9 ms). The mean His-Purkinje 
interval (HY interval) was 46.7 ± 10.3 ms; it was prolonged 
(60 ms) in Patients 1 and 4. Rate-corrected sinus node 
recovery time was normal in all cases (291.1 ± 90.5 ms). The 
effective refractory period of the atrium and A Y node was 
191.1 ± 16.2 and 241.1 ± 62.1 ms, respectively, and was 
normal in all patients. With incremental atrial pacing, 
Wenckebach-type block in the A Y node occurred at a rate of 
Figure 1. Electron microscopic section of normal and abnormal 
cardiac mitochondria according to their cristae: A, Normal mito-
chondria with closely packed cristae and granules; B, huge mito-
chondria with concentric cristae; C, large mitochondria with trans-
verse cristae; D, small vacuolized mitochondria. 
188.8 ± 14.5 ms. In Patient I atrial pacing disclosed a block 
distal to the His bundle with constant 2: 1 conduction at a 
pacing rate of 180 beats/min. This patient received a prophy-
lactic pacemaker. 
Left ventricular ejection fraction was reduced to 54% 
(normal >60%) in Patient 8. 
Table 2. Morphometric Data on Light Microscopy 
Muscle Vy% Endocardial 
Fiber Vy Fibrous Thickness 
Diameter Interstitium Tissue (JLm) 
Patient «12 JLm)* «25 Vv%)* «4 Vv%)* «15 JLm)* 
11.9 ± 1.5 21.0 ± 5.6 4.9 ± 5.2 4.5 ± 2.7 
2 10.8 ± 3.0 19.8 ± 2.6 1.4 ± 1.9 5.3 ± 0.3 
3 11.2 ± 3.3 23.8 ± 5.8 2.1 ± 2.1 4.2 ± 0.3 
4 10.9 ± 2.5 18.4 ± 2.1 1.8 ± 2.2 6.4 ± 2.6 
5 11.9 ± 3.0 18.6 ± 1.2 1.5 ± 1.4 7.6 ± 4.8 
6 11.1 ± 2.9 22.4 ± 2.1 5.8 ± 4.7 8.4 ± 5.4 
7 11.8 ± 2.9 15.7 ± 6.5 0.7 ± 0.9 7.7 ± 1.1 
8 12.2 ± 3.2 16.9 ± 1.5 2.1 ± 0.8 8.7 ± 2.2 
9 10.8 ± 2.0 14.6 ± 4.3 1.5±1.3 7.5 ± 2.3 
Mean 11.4 19.0 2.4 6.7 
±SEM ±0.5 ±3.0 ±1.7 ±1.6 
*Normal range: V v% = volume density in percent. 
Morphologic Findings 
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Light microscopy (Table 2). The endocardium was not 
thickened. Heart muscle fibers were of normal size and 
shape, except in Patient 8, who showed minimal hypertro-
phy of myocytes. The interstitium was not expanded. The 
content of fibrous tissue was only slightly increased in 
Patients I and 6. 
Electron microscopy (Tables 3 and 4). In the majority of 
cardiomyocytes of all patients, intracellular organelles were 
normally composed. Nuclei were often irregularly shaped 
with a few invaginations. Chromatin content was rarely 
condensed. Myofibers were arranged in parallel. Most mito-
chondria had irregularly oriented and closely packed cristae 
Table 3. Morphometric Findings on Electron Microscopy 
of Randomly Chosen Myocytes With Normally 
Structured Mitochondria 
Vy% Vv% Vv% 
Patient Myofibri1s Mitochondria Sarcoplasma 
No. (>55 Vy%)* «28 Vy%)* «20 Vy%)* 
1 59.9 ± 3.8 27.0 ± 5.0 12.9 ± 3.9 
2 58.9 ± 8.3 24.0 ± 2.3 17.1 ± 6.8 
54.0 ± 4.4 32.6 ± 5.5 12.0 ± 5.8 
4 53.7 ± 7.2 30.9 ± 6.2 15.1 ± 7.7 
5 56.9 ± 5.3 29.4 ± 5.6 13.6 ± 4.1 
6 59.4 ± 6.4 28.1 ± 6.6 12.8 ± 3.6 
7 55.4 ± 6.4 20.8 ± 9.1 23.5 ± 5.9 
8 53.9 ± 7.8 30.3 ± 5.9 15.8 ± 6.3 
9 56.1 ± 6.4 28.5 ± 8.0 15.4 ± 6.9 
Mean 56.5 27.9 15.4 
:tSEM 2.5 3.6 3.4 
*Normal range; other abbreviation a)i in Table 2. 
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observed. These mitochondria varied in size and shape (Fig. 
2). Myelinic bodies were frequently seen. In Patient 2 some 
giant mitochondria (diameter> 1 ,urn) in the perinuclear 
region of one myocyte, were observed, whereas in Patients 
3 and 8 abnormally small mitochondria (diameter <0.3 j,tm) 
with regular cristae were observed in some myocytes. 
Three main types of abnormal mitochofldriacould be 
distinguished with regard to the form of their cristae and 
their size: type a: huge, mainly round mitochondria with 
concentric whorls of densely packed cristae (mean diameter 
1.06 ± 0.22 ,urn); type b: large, round or oval mitochondrja 
with straight transverse or curved, loop-like cristae (mean 
diameter 0.88 ± 0.15 ,urn); and type c: small mitochondria 
with only a narrow ring of cristae near the inner membrane 
(mean diameter 0.55 ± 0.09 ,urn). Their matrix appeared 
empty or vacuolated, often containing glycogen granules 
(Fig. 1, 3 and 4). The distribution of these three subgroups 
was 5.5% for type a; 24.5% for type b; and 70% for type c. 
Small, round osmiophilic bodies or other electron-dense 
structures were observed in the enlarged mitochondria (Fig. 
5). Paracrystalline inclusions, described as typical for skel-
etal muscle mitochondria in patients with Kearns-Sayre 
syndrome, were missing in cardiac muscle cells. All of these 
mitochondrial abnormalities could be observed in longitudi-
nally sectioned as well as in cross-sectioned myocytes. If 
myocytes were affected, they appeared to contain only 
abnormal mitochondria (Table 4). Only in two cardiomyo-
cytes containing mainly structurally normal mitochondria, 
did we observe three enlarged mitochondria with densely 
packed cristae lying in parallel in the sarcolemma next to a 
typically affected myocyte. 
As compared with the myofibrillar volume density (56.5 ± 
2.5 volume density, in percent [Vv%J) of structurally normal 
cardiomyocytes (Table 3), the overall content of myofibrils 
Figure 2. Electron microscopic section of numerous mitochondria 
of various form and size in the sub sarcolemma of a normally 
structured cardiomyocyte (original magnification X25,600, reduced 
30%). 
was diminished in myocytes with abnormal mitochondria 
(41.9 ± 11.1 V y%, p < 0.01). The content of mitochondria 
was slightly increased in the abnormal myocytes (30.5 ± 3.5 
versus 27.9 ± 3.6 Vy%, p < 0.05). With increasing relative 
numbers of vacuolated mitochondria, a decrease in the 
volume density of myofibrils was seen (Fig. 6). 
Discussion 
Conduction abnormalities. The cardiac component of the 
clinical triad of complete Kearns-Sayre syndrome consists of 
AV conduction defects (2,5,11). A prolonged His-Purkinje 
(HV) interval and the occurrence of block distal to the His 
bundle are typical electrophysiologic findings (12-14). A 
progression from normal conduction to bifascicular, trifas-
cicular and complete A V block has been reported in numer-
ous patients for various time intervals (1,14-18). The risk of 
developing complete A V block is estimated to be much 
higher with Kearns-Sayre syndrome than with ischemic 
heart disease (14,15,18). 
As judged by an abnormal conduction pattern distal to the 
His bundle, only one of our nine consecutively studied 
patients had the complete form of Kearns-Sayre syndrome. 
This patient was provided with a prophylactic pacemaker. 
From the electro physiologic point of view, incomplete forms 
existed in the other eight patients. Morphologic abnormali-
ties revealed by endomyocardial biopsy studies disclosed 
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Figure 3. Electron microscopic sec-
tion of a sarcoplasmic lake with mito-
chondria with concentric cristae. Nu-
merous small vacuolized mitochondria 
are peripherally located. The heart 
muscle cell is transversally cut. The 
content of myofibrils is reduced (orig-
inal magnification x 8, 1 00, reduced 
30%). 
cardiac involvement in the patients with normal electrophy-
siologic findings. 
Light microscopy. Kearns (11) described the autopsy 
findings of a 17 year old boy with complete Kearns-Sayre 
syndrome who died during a syncopal attack; these included 
left ventricular hypertrophy and hyperchromatic enlarged 
muscle cell nuclei. Other investigators (12,16,17) reported a 
Figure 4. Electron microscopic sec-
tion of a cardiomyocyte with numerous 
mitochondria with concentric cristae, 
some with curved cristae (original mag-
nification x 12,100, reduced 30%). 
normal-sized heart at necropsy and no visible changes of the 
myocardium by light microscopy. Clark et al. (12), investi-
gating the cardiac conduction system of a 13 year old boy 
with Kearns-Sayre syndrome who died from sudden cardio-
pulmonary arrest, found extensive fibrosis, mainly in the 
distal portion of the His bundle in a normal-sized heart. The 
slight increase of fibrous tissue content in two of our patients 
is a nonspecific sign that may suggest a cell loss with 
replacement fibrosis. 
Electron microscopy. Structural abnormalities of cardiac 
mitochondria in Kearns-Sayre syndrome disclosed by en-
domyocardial biopsy were briefly reported by several inves-
Figure 6. An increasing number of vacuolized mitochondria (type 
c) is correlated with a decrease in the volume density (Vv%) of 
myofibrils. 
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tigators (7,8,18,19). In these studies, structurally normal 
mitochondria (19), giant mitochondria with many closely 
packed cristae (18) as well as mitrochondria with concentric 
cristae (7,8), were observed in patients with different expres-
sions of Kearns-Sayre syndrome. 
Increased numbers of mitochondria with structurally 
normal cristae could be observed in some myocytes in each 
of our patients. This mitochondriosis, often combined with a 
variation in shape and size of mitochondria, is regarded as a 
first sign of mitochondrial dysfunction, indicating a compen-
sation of the functional insufficiency of the individual mito-
chondrion (2,6,20). 
In seven patients, we found some myocytes with struc-
tural abnormalities of all mitochondria, confirming the diag-
nosis of mitochondrial cytopathy (1-3,6,20). The overall 
reduced volume density of myofibers in cardiocytes with 
structurally abnormal mitochondria may indicate a reduced 
protein synthesis, as described in the skeletal muscle in a 
patient with a mitochondrial myopathy of unknown origin 
(20). It may be assumed that small vacuolized mitochondria 
represent the end stage of mitochondrial degeneration, be-
cause an increase in their number correlated with a loss of 
myofibers. Structural mitochondrial abnormalities similar to 
those observed in heart muscle cells of our patients have 
been found in the cerebellum, sweat glands and liver of other 
patients with Kearns-Sayre syndrome, thus supporting the 
thesis of a generalized mitochondrial cytopathy (1,3,6, 
16,21). 
Structural abnormalities of cardiac mitochondria, similar 
to those we observed, were reported by Hug and Schubert 
(22), who performed left ventricular biopsy in a 6 month old 
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boy with marked cardiomegaly and moderate hepatomegaly 
but without skeletal muscle involvement. Neustein et al. (23) 
found vacuolized mitochondria as well as those with con-
centric cristae in many cardiocytes in the endomyocardial 
biopsy specimen of a 4 month old boy with cardiomegaly and 
intractable congestive heart failure. In both children there 
were no clinical indications of Kearns-Sayre syndrome. 
These findings emphasize that structural changes of mito-
chondria are typical for a mitochondriopathy but nonspecific 
for clinical symptoms and the underlying biochemical defect 
(3,6,20). We did not observe in cardiac muscle fibers the 
paracrystalline inclusions typically found in the skeletal 
muscle. This result may indicate a heterogeneity of mito-
chondria or an organ-specific pathologic reaction pattern. 
Clinicopathologic correlations. It is not known whether 
the degree of clinical functional impairment correlates with 
the extent of structurally abnormal cells. As cardiac conduc-
tion defects dominate in Kearns-Sayre syndrome, there 
appears to be a special affinity or a greater involvement of 
the conduction system. The normal-sized heart and normal 
hemodynamic findings at rest, observed in the majority of 
our patients, may be explained by the rare finding of abnor-
mal cardiomyocytes. Congestive heart failure has been re-
ported only in a few patients with Kearns-Sayre syndrome in 
whom no ultrastructural study of endomyocardiaI biopsy 
specimens were reported (1,5,24,25). 
During the short follow-up period, with regular 6 month 
examinations, none of our patients showed progression of 
cardiac conduction defects or signs of congestive heart 
failure. 
Conclusions. Our results suggest that a disseminated in-
volvement of heart muscle cells is present in the majority of 
patients with Kearns-Sayre syndrome even before cardiac 
symptoms appear. With regard to the insidious AV and 
intraventricular conduction defects, pacemaker implantation 
should be considered during the course of the disease as 
soon as there is documentation of second or third degree A V 
block or possibly a markedly prolonged HV interval on 
electrophysiologic study. In addition, the course of the 
disease might be changed in those who receive a pacemaker 
by avoiding arrhythmic death but leaving time for the 
development of heart failure due to progres~ion of mitochon-
drial cardiomyopathy. Thus, regular clinical follow-up ex-
aminations are recommended for patients with Kearns-Sayre 
syndrome. 
We thank Margit Schroder for technical assistance in the electron microscopic 
studies and preparation of the electron photomicrographs. 
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